ABSTRACT. The consumption of bottled drinking water has been increasing in the world. But, the quality of bottled water used for human consumption is not subjected to any stringent quality control measure in Ethiopia. The present study was carried out to determine the physicochemical quality parameters of twenty brands of bottled drinking water available in Addis Ababa and to compare with drinking water guidelines set by World Health Organization (WHO) and Compulsory Ethiopia Standards (CES). The samples were collected by random sampling technique. The physicochemical parameters such as pH; TDS and EC; total alkalinity, total hardness, HCO3 (0.19-8.9), (0.02-2.5), (1.8-24.5), (0.14-8.08 mg/L), (6.43-7.69) and (9.8-289 µs/cm), respectively. The drinking water quality index (WQI) was calculated based on 15 important quality parameters and the results were found in the range 3.85-49.2. The mean concentrations of physicochemical parameters in almost all the bottled drinking water were below the permissible limit set by WHO and CES. Hence, all the tested bottled water samples are safe for drinking purpose.
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INTRODUCTION
Water is one of the most important of all natural resources known on the earth. It is mainly used for drinking purposes which come from the surface and underground water sources [1] . 97% water exists in the oceans which are not suitable for drinking purpose and 3% is fresh water. Of the 3% fresh water 2.97% is comprised of glaciers and ice caps and remaining little portion of 0.3% are available as a surface and groundwater for human use [2] . A high quality water is required for drinking purposes for better health [3] . Freshwater is already a limiting resource in many parts of the world. In the next century, it will become even more limiting due to increased population, urbanization and climate changes. The safety of drinking water might be affected by various contaminants which includes chemical, physical and microbiological contaminants which can cause serious health problems to human [4] . Moreover, human beings depend on water for almost every developmental activity. Because of its importance, the pattern of human settlement throughout the history has often been determined by its availability [5] .
Most of the diseases in developing countries are caused by the consumption of contaminated water. The people living in developing countries lack access to clean water due to environmental pollution [6] . The safety of drinking water is affected by various contamination of drinking water with chemical, microbiological and anthropogenic activities [7] . The chemical contaminants in potable water include: some heavy metals, non-metals, disinfection byproducts, nitrate, nitrite, pesticides, and sulfate [8] . In most urban-rural communities in the developing countries especially the Sub-Sahara Africa, surface waters (rivers, streams, and lakes Water quality index (WQI) is a very useful and efficient method for assessing the suitability of drinking water; it is also a very useful arithmetical tool used to transform large number of water quality data into a single cumulatively derived number and for communicating the information on the overall quality of water to the concerned citizens and policymakers [13, 25] . It, thus, becomes an important parameter for the assessment and management of water quality (both surface and groundwater). WQI reflects the composite influence of different water quality parameters and is calculated from the point of view of the suitability of both surface and groundwater for human consumption [20] .
Several studies have been reported on the determination of water quality index of different water bodies in different countries. Some of these studies are determination of water quality index and suitability of urban river for municipal water supply in Lagos, Nigeria [13] , determinations of water quality index and suitability of an urbawater body in Shimago Town, Karnataka, India [26] , water quality assessment in terms of water quality index [27, 28] , mathematical computation of water quality index of Vea Dam in Upper East Region of Ghana [29] , assessment of water quality index of Robertson Lake Jabalpur (India) and use of test result in remote sensing application [30] , water quality index assessment of Koudiat Medouar Reservoir, Northeast Algeria using weighted arithmetic index method [31] , and water quality index for assessment of water samples of different zones in Chandrapur City (India) [32] .
In developing countries, including Ethiopia, the drinking water quality is continuously being contaminated and become hazardous for human use due to high growth of population, expansion of industries, disposal of wastewater and chemical effluents into canals and other water sources [2] . In addition to water contamination by pathogenic microbes, which is common in Ethiopia, chemical pollution is rising with industrialization and with the widespread use of agricultural chemicals [33] .
Some studies have been reported on the mineral composition of lake water, river water, and irrigation waters in Ethiopia [11, 34, 35] . Physicochemical analysis of drinking water has also been studied to assess the quality of drinking water in different cities and regions of Ethiopia [7, 33, 36, 37] . A few studies have been conducted on the quality of bottled water in Ethiopia. These include the levels of common ions in bottled mineral waters consumed in Addis Ababa, Ethiopia [38] and the assessment of chemical quality of major brands of bottled water marketed in Gondar Town, Ethiopia [18] . However, water quality index has not been determined in any of the water bodies including river water, lake water, irrigation water, drinking water and bottled water in Ethiopia.
Recently consumption of bottled water has been increasing in every region of Ethiopia. But, the quality of bottled water used for human consumption is not subjected to any stringent quality control measures in Ethiopia. Therefore, the present study was carried out to assess the water quality index of bottled water marketed in Addis Ababa, Ethiopia, using measurements of major physiochemical parameters.
The main objective of this study was to determine water quality parameters and calculate the water quality index of bottled water marketed in Addis Ababa, Ethiopia and to compare with the values set by WHO. The specific objectives of the study were: (1) 3 ) of bottled water and (ii) TDS, EC, hardness, pH, and alkalinity of bottled water; (2) to compare (i) the levels of common ions in bottled water marketed in Addis Ababa with WHO and CES guidelines for drinking water, (ii) the measured values of physiochemical parameters with the labeled values and (iii) the physicochemical parameters of different brands of bottled water and (3) to calculate the water quality index of bottled drinking water in Addis Ababa to assess the quality of water as excellent, good, poor, very poor or unsuitable for drinking.
EXPERIMENTAL

Chemicals
Analytical reagent grade sodium hydroxide, concentrated hydrochloric acid, concentrated sulfuric acid, anhydrous sodium sulfate, sulfanilamide, N-(1-naphthyl) ethylene diamine dihydro chloride, potassium chromate, sodium salicylate, nitric acid (69-72%), potassium sodium tartarate, diazotized sulfanilamide, silver nitrate, calcium carbonate, magnesium carbonate, sodium chloride, ethylene diamine tetra acetic acid (EDTA), glacial acetic acid, sodium fluoride, Eriochrome black T (EBT), bromocresol green (Sigma Aldrich, Germany), ethanol (99.99%, Fisher Scientific, UK), phenolphthalein (Scharlau, European Union), glycerol solution, ammonium chloride, magnesium sulfate, methyl orange (Scharlau, European Union) were used in this study. All the chemicals and reagents whose production companies are not listed were supplied by Sigma Aldrich, Germany.
Instruments
The instruments used in this study includes: UV-Visible Spectrophotometer (Spectra max plus 385, UK), Microwave Plasma-Atomic Emission Spectrophotometer (Agilent Technologies, 4200 USA); Hotplate; Kjeldahl apparatus (Gallenhamp, USA), drying oven (Binder, Germany), pH meter (Model CP-505, Zabrze ul, Poland), conductivity meter (Orion Model 145, USA), and fluoride ion selective electrode (Orion, model 940 expandable ion analyzer, USA).
Sampling area
The present study was carried out at Addis Ababa, which is a capital city of Ethiopia. The population of the city is currently estimated to be 4.6 million [39] . It is located in the geographical coordinate 3 0 -15 0 N and 33 0 -48 0 E with an estimated area of 1,104,300 sq km [40] . Besides, Addis Ababa is a city of political and economic significance being a base for African Union and many other international organizations. The inhabitants are receiving drinking water from Dire Dam situated at the air distance of 20 km, Legedadi Dam at the air distance of 19.50 km, Gefersa Dam situated at the air distance of 18.20 km apart from Addis Ababa Water Supply Administration (AAWSA) office and Akaki water supply system and spring waters and boreholes around the border of the city mainly Akaki sub-city [41] . In addition to tap water supply, the city has an easy access to different brands of bottled water, which are mainly used for drinking purpose. 19 , and Bw 20 ) were selected for the present study. Each of the drinking bottled water was randomly purchased from shops and supermarkets from different locations in Addis Ababa during January and February 2018. Once all the samples were brought to laboratory, it was kept at 4 o C in the refrigerator with their original sale containers until analysis was carried out. The holding capacities of bottled water containers were 0.5, 1 and 2 L. For each brand of bottled water, three identical samples of bottled water were mixed to make a bulk sample. Furthermore, the sampled water was classified as natural spring, natural mineral and purified water. The brands of bottled water and sources of bottled water used in this study are described in Table 1 .
Water samples collection
Analytical procedures for the determination of physicochemical analysis
Total dissolved solids and electrical conductivity. Total dissolved solids (TDS) and electrical conductivity (EC) measurements were made using Thermo Orion Model 145, USA. The instrument was calibrated with distilled water. An aliquot of 30 mL water sample was transferred to a 50 mL plastic beaker and put on the plate having a magnetic stirrer, and the instrument sensor was inserted to the beaker to measure the parameters. During the measurement the solutions were stirred constantly in order to homogenize and the measurement was performed in triplicate. pH. The pH values of the bottled water samples were measured using a pH meter (Model CP 505) in triplicate. The pH electrode was rinsed with deionized water and calibrated with pH 4.00, 7.00 and 10.00, standard buffer solutions. The pH electrode was rinsed with deionized water to avoid contamination of the buffers. The pH values of the bottled water samples were measured by inserting the electrode in 50 mL of the bottled water sample in a beaker using the pH meter in triplicate.
Total alkalinity. The alkalinity of the sample was determined by titrating with standard sulfuric acid (0.02 M) using phenolphthalein and bromocresol indicators. 25 mL of bottled sample was transferred into conical flask and phenolphthalein and bromocresol indicators were added to the flask. Finally, the solution was titrated with H 2 SO 4 [42] . The concentration of total alkalinity was calculated by useing equation 1.
Total alkalinity as CaCO
Bicarbonate. The same procedure as alkalinity was used in measurement of bicarbonates as recommended by [42] , except the one conversion factor change in the formula which is 61 instead of 50. Total hardness. The total hardness of the water was determined by complexometric titration using EBT indicator and ammonium-ammonium chloride buffer solution. The buffer solution was prepared by weight 1.17 g of EDTA, 16.9 g of ammonium chloride, 780 mg of magnesium sulfate and 143 mL of ammonium hydroxide solution and trnasfer to the beaker which contains 500 mL distilled water. The solution was stirred until all the solids were dissolved, and its pH was found to be 10. Before the titration, the burette was rinsed with EDTA solution and filled with 0.02 M EDTA standard solutions. An aliquot of 25 mL sample water was transferred to a conical flask and then 2 drops of EBT indicator and 1 mL buffer solution were added the beaker. Finally the solution was titrated against to EDTA solution which was filled in the burette. The same procedure was used for three blank samples. The total hardness of the water sample was calculated by using the equation 3 as calcium carbonate (mg/L) [43] .
Total hardness as CaCO 3 =
Chloride. The concentration of chloride was determined by titration. 1 mL of potassium chromate indicator and 25 mL sample water was added in the beaker, and the solution was titrated with (0.1 M) silver nitrate. The solution was stirred by magnetic stirrer while titration was carried out. The performance of the method was checked by a standard solution of sodium chloride. The same analytical procedures were used for the determination of chloride in three blank samples. The chloride concentration was calculated by this formula [44] .
Fluoride. To determine the levels of fluoride in the sampled water, total ionic strength adjustment buffer (TISAB) was prepared by dissolving 58 g sodium chloride, 2 g EDTA, 7 g trisodium acetate and 57 mL glacial acetic acid in 500 mL deionized water. Finally, the pH was adjusted to 5.3 by using 5 M sodium hydroxide solution, and made up to one liter with deionized water. TISAB was used to obtain a pH of 5.2-5.4, which is the optimum pH range for fluoride determination. 10 mL of TISAB and 10 mL of calibration solution were mixed in a beaker for measurement of F -in the solution. Similar amount of TISAB was used for instrument calibration. 0.5, 1, 5, 10 and 20 mg/L series standard solution of fluoride were prepared for the instrument calibration. The slope of the calibration curve found to be 58.6 mV which is within the acceptable range (54-60 mV). Similar procedure was used for the measurement of fluoride concentrations in sample water. Thus, equal volumes 10 mL of water samples and 10 mL of TISAB were mixed in a 50 mL plastic beaker and the mixture were stirred thoroughly using a magnetic stirrer while measuring. The concentration of fluoride was read directly from fluoride potentiometer and triplicate measurements were made.
Sulfate. The concentration of sulfate in the sample was determined by spectrophotometric method. A stock standard sulfate solution was prepared by dissolving 147.9 mg anhydrous sodium sulfate (Na 2 SO 4 ) in 1000 mL of distilled water. Conditioning reagent was prepared by mixing of 50 mL glycerol solution, 30 mL concentrated hydrochloric acid (HCl), 100 mL 95% ethanol, 300 mL distilled water and 75 g sodium chloride (NaCl). 100 mL of the sample water and 5 mL of conditioning reagent were transferred to 250 mL flask, and then a spoonful (10 g) of barium chloride crystals was added, mixed and placed on a magnetic stirrer and stirred at a constant speed exactly for one minute. Finally, 1 mL amount of the solutions was poured on absorption cell of the photometer, and turbidity of the solution was measured at 30 second intervals for four minutes at 420 nm. The same analytical procedures were used for the determination of sulfate ions in three blank samples [42] .
Nitrite. The concentration of nitrite was determined by a colorimetric method [42] . 25 mL bottled water sample, 1 mL of nitrite and 1 mL of sulfanilamide solution were added to a 250 mL conical flask and allowed for 5 min. 1 mL of N-(1-naphthyl)ethylenediamine solution was added and mixed well. After 10 min absorbance was measured using UV-Visible spectrophotometer at a wavelength of 543 nm. The same analytical procedure was used for the determination of nitrite in three blank samples. The concentration of NO 2 -was calculated from the standard calibration curve.
Nitrate. The concentration of nitrate was determined by sodium-salicylate method [42] . First, 10 mL of bottled water sample and 1 mL of sodium-salicylate were transferred into a 250 mL conical flask and kept it in an oven at a temperature of 95 o C. The residue was dissolved in 1 mL of H 2 SO 4 , swirling the conical flask carefully while it is still warm. Secondly, 50 mL of distilled water and 7 mL of NaOH tartrate solution were mixed and diluted it to 100 mL by distilled water. The analysis is based on the reaction of the nitrate with sodium salicylate in a sulfuric acid medium, which forms a yellow colored salt of nitro salicylic acid. The intensity of color is directly proportional to the nitrate concentration and the absorbance was measured using UVVisible spectrophotometer at a wavelength of 410 nm. The same analytical procedures were employed for the determination of nitrate ion in three blank samples. Finally, the concentration of NO 3 -was calculated from the standard calibration curve.
Analytical procedures for the determination of common cations
For the determination of metal ions in the water sample, 50 mL of each water sample was acidified with 5 mL of nitric acid (69-72%), and the mixture was digested in a fume cupboard for one hour at 100 ºC until a clear solution was seen. After cooling, the mixture was filtered and the filtrate was transferred to a 50 mL volumetric flask and diluted with deionized water until the mark. This digestion was carried out in triplicate manner. Finally, calcium, magnesium, potassium and sodium were determined using microwave plasma-atomic emission spectrophotometer (MP-AES). 0, 5, 10, 15, 20 mg/L standard solution of Mg 2+ , Ca 2+ , Na + were prepared from the stock solution, similarly 0, 5, 10, 20, 40 mg/L of K + standard solution was prepared from potassium stock solution (calibration standard, Buck Scientific, USA), by using 2% HNO 3 . Using these standard solutions, the calibration curves for each metal were obtained. The correlation coefficients of the graphs were found to be higher than 0.999 for all the analytes. Immediately after calibration, the sample solutions were aspirated into the MP-AES instrument and the metal concentrations were recorded. Three replicate determinations were carried out for each sample. The same analytical procedures were employed for the determination of the metals in twelve blank samples.
Assessment of water quality index (WQI) of bottled water samples
The water quality index was calculated by using the standards procedure of drinking water quality guidelines set by the WHO. The weight arithmetic method was used for calculation of water quality index of the water system [45] (Table 2) . Thus, water quality parameters and quality rating (qi) corresponding to n th term parameter is a number reflecting the relative value of this parameter in the polluted water with respect to its standard permissible limit value [13, 20, 29, 31, 32] .
where, Vs = standard value; Vi = ideal value. In most cases Vi = 0 except in certain parameters like pH, the calculation of quality rating for pH (Vi was not zero). q pH = 100 (V pH -7.0) / (8.5-7.0).
Calculation of unit weight. The unit weight (Wi) of various water quality parameters is inversely proportional to the recommended standards for the corresponding parameters.
where, Wi = unit weight for the n th parameter and Si = standards permissible value of n th parameter. Water quality index (WQI) is calculated using equation 7: WQI = (7) Table 2 . Water quality index levels, quality status and grading.
Statistical analysis
The relationships (correlation) among physicochemical parameters were assessed by Pearson correlation methods using statistical software (SPSS Version 21). Besides, the graphical expression was done using Microsoft excel 7 in addition to arrangements of different data sets.
RESULTS AND DISCUSSION
Accuracy and precision of results
Accuracy and precision are probably the most often quoted terms to express the extent of errors in a given analytical results. Analytical results must be evaluated to decide on the best values to report and attempt to establish the probable limits of errors of the values. The analyst is thus concerned with the question of precision (repeatability of results), that is the agreement between the set of results. It can be determined by standard deviation, variance, and coefficient of variance, and mean of measurements. In this study, the standard deviation and mean of the results of triplicate measurements for all the 15 parameters from each sample (n = 20) were used to know the precision of the method.
Method validation for metal analysis
The efficiency of the optimized procedure is checked by various methods. Recovery % = .
-.
. 100
The results of percentage recoveries for the studied metals in bottled water samples were within the acceptable range 94.1-103%. Therefore, this verifies that the optimized digestion procedure and the measurement procedure were valid for the analysis of bottled water.
Levels of physicochemical parameters Total dissolved solid (TDS).
The concentration of total dissolved solid in the studied bottled water samples ranged 4.67-139 mg/L. The WHO [15] recommended TDS value below 500 mg/L as acceptable for drinking water, while the Ethiopian Standard extends the limit to 1000 mg/L [46] . When compared with other bottled waters investigated, the concentration of total dissolved solid was higher in Bw 15 , Bw 4 , Bw 19 , Bw 9 , and Bw 17 bottled waters than the other brand types (Table 3) . Moreover, the concentration of total dissolved solid reported on the label of each of the bottled water particularly in Bw 18 , Bw 14 , Bw 7 , Bw 5 , Bw 1 , Bw 12 , Bw 17 and Bw 4 was much higher than the finding of the present study. The present study was in contrast with the finding of Jafari et al. [47] who reported the highest value of TDS (326-461 mg/L) while it remains in a range between 4.67-139 mg/L in the present study. In addition, Momani [21] also reported a higher value of TDS in a bottled water with a minimum value of 112 mg/L, whereas the lowest concentration in the present study was 4.67 mg/L. All the bottled water samples investigated in this study are safe to drink from the total dissolved solid point of view. Electrical conductivity (EC). The highest and the lowest value of electrical conductivity recorded in the present study were 9.8 and 289 µs/cm in Bw 20 and Bw 15 bottled water, respectively (Table 3 ). According to WHO [15] the maximum permissible limit of electrical conductivity in drinking water is 1000 µs/cm. The electrical conductivity found in the present study is much lower as compared with the permissible limit set by WHO [15] . Jafari et al. [47] have reported electrical conductivity values ranged from 706 to 976 µs/cm in drinking water which are higher than the finding of the present study. However, the finding of the present study is a similar with the finding of Reda [36] who reported the electrical conductivity value of drinking water ranged between 210 to 231 µs/cm in Arba Minch. The investigated parameters of all the bottled mineral waters lie in an acceptable limit for drinking purpose as recommended by WHO [14] .
pH. The pH of the 20 brands of bottled water ranged 6.43-7.69 where the lowest and the highest value was recorded for Bw 16 and Bw 1 bottled mineral water, respectively (Table 3 ). According to the recommendation of WHO [15] and CES [46] , the permissible range of pH in a drinking water should be in the range 6.5-8.5. In this regard, the pH value of Bw 16 bottled mineral water is lower than from the minimum range drinking water set by WHO [15] and CES [46] . All the remaining 19 bottled mineral water have a pH value lies within the range recommended by WHO [15] . The finding of the present study is in agreement with the finding by Momani [21] . Similarly in Italy, Sasikaran et al. [22] have reported the pH value of bottled water above the middle of the permissible limit. At pH values less than 6.5, water is corrosive and dissolves plumbing components. This is especially a concern when water contacts brass and copper piping where copper, zinc, and lead dissolve into the drinking water. Whereas pH values ≥ 8.5 of drinking water can promote hardness scale, precipitation and make chlorine disinfectants more effective.
Total hardness. The total hardness value in bottled water samples were ranged from 4 mg/L to 97 mg/L as calcium carbonate in Bw 20 and Bw 4 , respectively ( Table 3) . The values of total hardness in all of the bottled water lie in permissible limits for drinking water (<500 mg/L) set by WHO [14] . Although for all the bottled water samples the total hardness is below the recommendations of WHO [14] , there is no labeled values on all the bottled water measured in this study (except Bw 7 bottled water was 13.3 mg/L). In this study, the concentration of total hardness in Bw 7 bottled water was 60 mg/L as calcium carbonate which is higher than from the labeled values on it.
Total alkalinity. The mean concentration of total alkalinity ranged from 12 to 165 mg/L in Bw 8 and Bw 15 , respectively ( Table 3 ). The maximum concentration limit of total alkalinity described by WHO [15] and CES [46] is 200 mg/L. In this study the value of total alkalinity in all the bottled drinking water was found below the permissible limit. The total alkalinity labeled at the bottled drinking water were 0. 17 , respectively, but other bottled water were not labeled the concentration of total alkalinity. The minimum value of total alkalinity in this study was recorded in the Bw 8 bottled water which is higher than the label at bottled water. On the other hand, the maximum value of total alkalinity of this study was 165 mg/L in Bw 15 bottled drinking water which is higher than the label at the Bw 15 bottled water. The concentration of alkalinity reported by Reimann et al. [37] range from 15 to 1070 mg/L in drinking water in Ethiopian Rift Valley where the maximum of the range was higher than WHO permissible limit [15] . The reported result by Reda [36] range from 88.6-181 mg/L thus the maximum and minimum range is above the values found in this study.
Levels of common cations and anions in the water samples
Calcium. The mean calcium concentration was found in the range 0.19-8.9 mg/L, and the results are summarized in Table 4 . The highest concentration of calcium was found in Bw 9 bottled water samples while the lowest values were found in Bw 8 . The mean calcium value found in Bw 1 , Bw 3 and Bw 4 are lower than to the values reported by Seda et al. [38] . All the bottled water samples are below WHO permissible limit (200 mg/L) that confirms all bottled water are safe to drink. According to study conducted by Mihayo and Mkoma [23] , maximum and the minimum levels of calcium were 14 mg/L and 3.4 mg/L, respectively, in which the concentration of calcium was higher than in the present study. Similarly, Mekonnen et al. [18] have reported the mean concentrations of calcium range from 3 to 28.3 mg/L, this concentration of calcium is relatively higher than that found in the present study. Magnesium. The mean magnesium concentration in the bottled water sample ranged from 0.02 to 2.5 mg/L ( Table 4 ). The lowest concentration of magnesium was found in Bw 20 and Bw 8 while the highest concentration of magnesium found in Bw 9 . According to investigation by Mekonnen et al. [18] in different bottled waters in Gonder city, the mean concentration of magnesium ranged from 0.32 mg/L to 6.5 mg/L. The mean concentration of magnesium is relatively higher than this study. The mean concentration of magnesium is compared with the range given in the labeled bottled water. The concentration of magnesium ranged from 0.08-12 mg/L in Bw 15 and Bw 4 , respectively and also Bw 13 , Bw 16 , Bw 18 almost similar concentration of magnesium in this study but the other bottled water samples were different compared to labeled bottled water. As it was reported by Seda et al. [38] the mean concentration of magnesium in Aquaddis were 1.87 mg/L while in this study the concentration of magnesium in Bw 3 was 0.45 mg/L. Therefore, the concentration of Aquaddis bottled water is higher than this study.
Sodium. In this study, sodium concentration in the bottled water samples ranged from 1.8 to 24.5 mg/L in Bw 2 and Bw 15 , respectively ( Aquasafe were higher than the concentration of sodium found in this study and are also above the WHO recommendation while in this study, the sodium levels in the Bw 3 and Bw 4 bottled drinking water are below the recommendation of WHO [15] . The results are summarized in Table 4 .
Potassium. The mean concentration of potassium ranged 0.14 to 8.08 mg/L in Bw 8 and Bw 18 , respectively ( Table 4 ). The permissible limit of potassium is 10 mg/L and 1.5 mg/L, described by WHO [48] and CES [46] , respectively. The concentrations of potassium in this study are below WHO permissible limit in some of the bottled water; however, it is above the limit set by CES. The concentrations of potassium at the labeled bottled water ranged 0.7 to 6.11 mg/L in Bw 1 and Bw 2 . In this study, Bw 1 and Bw 2 values are 1.93 mg/L and 0.59 mg/L, which are lower than the labeled at bottled water, respectively. Mekonnen et al. [18] have reported the concentration range of potassium from 1.2 to 4.1 mg/L. The minimum value of the bottled water is higher than the minimum values of this study while the maximum concentration of the potassium is lower than the value of this study.
Chloride. Chloride content of 20 brands of bottles water ranged from 4.28 to 20.8 mg/L. The lowest mean concentration of chloride was found in Bw 2 while the highest mean concentration of chloride was found in Bw 4 bottled water (Table 5) , whereas the WHO [15] and CES [46] prescribed limit is 250 mg/L in drinking water. Thus all the bottled water samples are safe for drinking from the chloride point of view. To compare the concentration of chloride labeled in bottled waters relatively Bw 2 and Bw 4 have high chloride content than that of other brands, respectively. The chloride concentrations of bottled waters compared to the labeled of the company at the bottled water were ranged from 0.26-13 mg/L in Bw 8 and Bw 4 , respectively. The chloride concentration reported by Reda [36] ranged from 135 to 554 mg/L in three different samples, whereas the concentration of chloride in this study is lower than the reported value Reda [36] . [38] have reported the concentration of fluoride in bottled water in the range of 0.70 to 2.25 mg/L, in that study the concentration of fluoride was above the permissible limit in Aquaddis brand water. Mekonnen et al. [18] have reported the concentration of fluoride in six bottled water which ranged 0.03-0.15 mg/L. Therefore the minimum concentrations of both studies are equal but the maximum concentration found in the present study is higher than the maximum concentration of that study.
Nitrate. The mean concentration of nitrate ranged 0.02 to 0.84 mg/L in Bw 4 and Bw 9 , respectively (Table 5 ). Nitrate in all the bottled water samples were lower than the WHO recommended value of 50 mg/L [15] . The concentrations of nitrate labeled on the bottled water were (nil, 0.02, 0.03, 0.11, 0.14, 0. Table 5 ). The concentration of nitrate found in this study and nitrate labeled on bottled water are almost similar except Bw 1 and B 17 of bottled water. The labeled value of Bw 1 bottled water was higher than the present study while the Bw 17 bottled drinking water was nil but this study found 0.44 mg/L. According to Mekonnen et al. [18] , analysis of six brands of bottled water, the nitrate levels of the three brands were 0.251 mg/L, 0.389 mg/L, 0.33 mg/L in brand 1, brand 2, brand 3, respectively, while in the other three brands nitrate was not detected but in this study nitrate was found in all the bottled waters. Nitrate content in Bw 1 and brand 2 mineral water are almost similar.
Nitrite. The mean concentration of nitrite was in the range 0.08-0.28 mg/L ( Table 5 ). The highest mean concentration of nitrite was found in Bw 18 and Bw 19 whereas the lowest mean concentration of nitrite was found in Bw 11 . The nitrite concentrations were not labeled on bottled water but this study observed the concentration of nitrite in bottled water. The recommendations of WHO [15] and CES [46] are below 3 mg/L nitrite. Thus the concentration of nitrite in bottled water is safe for drinking purpose. Simeonova et al. [49] have reported the concentration of nitrite in drinking water in the range 0.01-1.56 mg/L. The maximum concentration of nitrite in drinking water is higher than the present study of bottled drinking water. However, the minimum concentrations of those studies were 0.01 mg/L which is smaller than the value of this study.
Bicarbonate. The mean concentration of bicarbonate ranged 16.3 to 202 mg/L in Bw 20 and Bw 15 , respectively ( Table 5 ). The maximum concentration limit of bicarbonate set by WHO is 500 mg/L [15] . The concentration of bicarbonate found in this study is acceptable for drinking purpose. Rakotondrabe et al. [25] have reported the concentration of bicarbonate ranged from 1.77 to 59.3 mg/L which are much lower than the concentration of bicarbonate found in drinking water of this study. This study has found a higher concentration of bicarbonate in bottled drinking water compared with the labeled on the bottled water.
Sulfate. The mean concentrations of sulfate ranged 0.05-3.84 mg/L in Bw 20 , Bw 9 and Bw 2 ( Table  5 ). The highest mean concentration of sulfate was found in Bw 2 while the lowest mean concentration was found in Bw 20 and Bw 9 ( Table 5 ). The WHO [15] and CES [46] have recommended sulfate concentration below 250 mg/L in drinking water. Thus the sulfate levels in all the bottled drinking water is below the permissible limit and the bottled water samples are safe for drinking purpose with respect to sulfate. Mihayo and Mkoma [23] have reported a maximum concentration of sulfate, 48.2 mg/L and the minimum concentration of sulfate, 2.5 mg/L; these concentrations of sulfate are higher than this study.
Correlation
Pearson correlation [50] for various water quality parameters in the bottled water brands studied in this work was evaluated which revealed strong correlations for most of the constituents suggesting that they may originate predominantly from the same source. Higher correlations (r 2 > 0.80) were observed in TDS with alkalinity, bicarbonate and hardness. Whereas EC and TDS had very high correlation (r 2 = 1). In addition there was also a high correlation of EC with total alkalinity, total hardness, bicarbonate and total hardness (r 2 > 90). EC has also correlation with calcium, magnesium, sodium and chloride. Total hardness had higher correlation with magnesium and calcium and also correlated with total alkalinity and bicarbonate. Total alkalinity was highly correlated with bicarbonate (r 2 = 1) and also correlated with sodium, magnesium and calcium. pH correlated with electrical conductivity, total alkalinity, bicarbonate and also bicarbonate correlated with magnesium and calcium. Fluoride correlated with sodium on the other hand calcium highly correlated with magnesium and bicarbonate with total alkalinity were highly correlated indicates the concentration of total alkalinity described by bicarbonate. TDS have showed high positive correlation to all the individual parameters and its correlation is significant at 99% confidence level, except nitrite. pH with fluoride, chloride, and potassium pairs positively correlated significantly at 95% confidence level. CEC except nitrite and sulfate was highly positively correlated with most parameter significantly at 99% confidence level. Generally almost all parameters pairs were significantly correlated at 99% and 95% confidence levels.
The comparison of chemical and physical parameters of bottled water samples among each other
Among the 20 brands of bottled water samples, highest pH value was found in Bw 1 and the lowest pH value was found in Bw 16 . Among the 20 brands of bottled water samples highest electrical conductivity and the highest total dissolved solid were found in Bw 15 bottled water sample. Whereas electrical conductivity and total dissolved solid were lowest in Bw 8 and Bw 20 bottled water samples, respectively. In addition, Bw 3 and Bw 16 have almost similar electrical conductivity and total dissolved solid. The concentration of total alkalinity in Bw 6 bottled water samples was higher than the other bottled water samples and also the concentration of bicarbonate in Bw 15 was higher than all the other bottled water samples. The total hardness in Bw 4 was higher than the other bottled water samples. The total hardness, alkalinity and bicarbonate concentration in Bw 8 and Bw 20 bottled water samples were lower than the other bottled drinking water samples.
The concentration of nitrate in Bw 4 and Bw 5 of bottled water was higher values compared to other bottled water samples. The highest concentration of sulfate was found in Bw 12 bottled drinking water whereas the highest concentration of nitrite was found in Bw 18 
Calculation of water quality index of bottled drinking water
The bottled drinking water can be classified poor and unstable) according to the water quality index was calculated by using the standards of the drinking water quality recommended by the WHO. The water quality index was calculated based weighted arithmetic method using various physicochemical parameters in different bottled water this study were found in the range of 3.85 this study were grouped in either excellent or good water quality level. The details of calculation of water quality index are given in Table 6 . Figure 1 shows the water quality index of the studied bottles water. Among the 20 brands of bottled w samples fall in excellent water quality while 25% of bottled water lies within good water quality. 16 and Bw 20 when compared to all the bottled water samples. The concentration of potassium was higher in Bw 19 while the lowest concentration was found in of bottled water.
The bottled drinking water can be classified into five quality levels (excellent, good, poor, very poor and unstable) according to the water quality index [2631] . The water quality index ( was calculated by using the standards of the drinking water quality recommended by the WHO. ty index was calculated based weighted arithmetic method using various physicochemical parameters in different bottled water [45] . The results of water quality index in this study were found in the range of 3.85-49.2. Thus, all the bottled water samples analyzed in this study were grouped in either excellent or good water quality level. The details of calculation of water quality index are given in Table 6 . Figure 1 shows the water quality index of the studied bottles water. Among the 20 brands of bottled waters studied, 75% of bottled water samples fall in excellent water quality while 25% of bottled water lies within good water bottled water samples. The bottled water were higher than the other bottled bottled water. and the lowest concentration of ater samples. The while the lowest concentration was found in into five quality levels (excellent, good, poor, very
. The water quality index (WQI) was calculated by using the standards of the drinking water quality recommended by the WHO. ty index was calculated based weighted arithmetic method using various . The results of water quality index in alyzed in this study were grouped in either excellent or good water quality level. The details of calculation of water quality index are given in Table 6 . Figure 1 shows the water quality index of the aters studied, 75% of bottled water samples fall in excellent water quality while 25% of bottled water lies within good water The results of physicochemical parameters of the bottled water samples were compared with the values labeled in the bottles ( Table 7) . Some of the parameters such as electrical conductivity, total hardness, total alkanity and fluoride are either not labeled at all or labeled only in few brands of bottled water. There is a wide variation in the values of physicochemical parameters of the bottled water samples between the measured values and labeled values. These variations clearly emphasize that there is need of regulation about the monitoring of labeled values.
Comparison of the physicochemical parameters of the bottled water samples of this study with literature values
The results of physicochemical parameters of the bottled water samples were compared with the permissible levels recommended by the guidelines for drinking water quality ( Table 8 ). The comparison of this study with WHO [15] and Ethiopian standards [46] showed that the concentrations of physicochemical parameters in almost all the bottled drinking water are below the permissible limit except sodium, potassium, and pH. Comparison of the results of a present study with the results reported in the literature is summarized in Table 9 . There is a wide variation in the values of physicochemical parameters of the bottled water samples of the present study with that from different countries and with that of other studies in Ethiopia. This is due to the fact that guidelines vary from country to country but also due to the fact that the original source of water is different due to the variation in geographical and climatic conditions. These variations are despite of the fact that every country follows the general guidelines of WHO [15] . Sample 
CONCLUSION
This study assessed the physicochemical quality parameters of 20 brands of bottled water presently sold in Addis Ababa retail shops and supermarkets. The results showed that the bottled water samples analyzed are safe for human consumption except few brands which contained slightly higher levels of few indivividual parameters than the permissible level of WHO and CES. The physicochemical variables of the bottled drinking water studied showed large variation in different brands of bottled water which depends on the compositions of bottled water such as natural environment, the source of water composition and type of treatment/purification techniques during the production of bottled drinking water. The number and type of parameters reported on the labels of bottled water showed a lack of uniformity. The comparison of parameters showed major cations and anions were highly variable with each brand. The concentrations of some of physicochemical parameters measured in this study were comparable to the values labeled on bottled water, whereas some other parameters were lower than and higher than values reported on the labels. The water quality index based on 15 important parameters has indicated that the bottled water samples has the lowest value of water quality index of 3.85 and the highest value of 49.2 which categorized them as excellent water quality and good water quality, respectively. In general this study recommends the regular need for a nationwide survey about the quality of waters including tap and river waters as well as groundwater and all marketed bottled waters be monitored for quality and identity by concerned authorities to safeguard consumers' health.
